Smoking unequivocally promotes carcinogenesis, atherosclerosis, as well as lung and renal diseases [1] [2] [3] [4] [5] . The evidence that passive smoking is a considerable cardiovascular risk factor continues to grow [6] . The relative risk of coronary heart disease (CHD) for active smokers is 1.78, but as high as 1.31 for passive smokers [7] . Passive smoking was also reported to increase the relative risk of lung and renal cell carcinoma [8, 9] . There is clear clinical evidence that smoking per se is nephrotoxic [4, 5] 
industries (nowadays mainly at destruction of old buildings and at construction material waste handling) and inhabitants of areas of natural occurrence of this mineral across the globe still suffer from high exposure to asbestos fibres.
There are no definite experimental data on the renal and cardiovascular effects of asbestos fibres inhalation, of passive smoking, or of their combination. Here we show that exposure of rats to these single environmental pollutants or their combination leads to prominent renal and cardiac fibrosis and vessel damage.
Materials and methods
All experiments were conducted according to the guidelines for studies using laboratory animals, after the approval by the local Ethics Committee (Bratislava, Slovakia).
Animals and protocol

Two rats per cage were housed under controlled humidity, temperature and 12/12 hrs light/dark cycle. Animals had free access to drinking water and a standard rat chow (Top Dovo, Prague, Czech Republic). Twenty-four young male Wistar rats (VELAZ, Prague, Czech Republic) weighing 151.5 Ϯ 19.9 g (approx. 6 weeks of age) at the beginning of the study were randomized into 4 groups:
1. The healthy control group (ctrl, n ϭ 6), which at the beginning of the study was given two (1- 
Morphological investigations of the kidney
The degree of sclerosis within the glomerular tuft (glomerulosclerosis, GSI) was determined on PAS-stained paraffin sections (magnification ϫ400) as described previously [20, 21] Tubulointerstitial fibrosis score and renal vessel wall thickness were assessed on Sirius red and PAS-stained paraffin sections, respectively, at a magnification of ϫ100 using a scoring system as described previously [20, 21] .
Morphological investigations of the heart and the aorta
Wall thickness and wall to lumen ratio of intramyocardial arteries and of the aorta were analysed using a semiautomatic image analysing system at a magnification of ϫ400 on HE sections [22, 23] . In addition, on Sirius red stained sections of the heart and of the aorta tissue collagen content and architecture were semiquantitatively assessed using a scoring system (score 0-4) at magnifications of ϫ200 and ϫ400, respectively [22, 23] . In the heart, fibrosis was scored 0 when absolutely no increase in fibrous tissue was present. Score 
Analysis of renal gene expression
Glomeruli and cortical tubulointerstitium were isolated by differential sieving as described previously [24] . Total (Table 2 ). However, after adjustment for body weight, a correction often used in clinical studies with smoking patients [4] , both groups exposed to cigarette smoke had higher blood pressure by 10%; (overall ANOVA P ϭ 0.048, post hoc test closely failed the level of statistical significance).
Statistics
Results are given as means Ϯ S.D. Means between the groups were compared using one-way ANOVA with a post hoc Scheffe's or Dunett test (RT-PCR data). P Ͻ 0.05 was considered significant.
Results
In line with clinical observations [4], rats in both groups subjected to passive smoking gained less weight during the experiment, resulting in lower body weight compared with controls (-11% at killing; not significant) (Table 2). Plasma glucose, albumin, cholesterol, triacylglycerol and electrolyte concentrations were within the normal range and did not differ between the groups (data not shown). SBP was within the normal range and comparable between the groups
Renal function (Table 2)
Plasma creatinine and urea concentrations were higher by 10-14% in all exposed groups, but statistical significance was not reached. Diuresis and proteinuria were comparable between the groups. (Fig. 1) . The combination of both exposures resulted in additive effects mainly in the tubulointerstitium. The marker of renal vessel wall damage (vessel thickness) was only insignificantly higher in the amosite and passive smoking groups. The combination of both exposures led to a significant increase of intrarenal arterial wall thickness (Fig. 1C) .
Morphology of the kidney
No significant differences in renal hypertrophy measured by kidney weight were observed (or kidney weight corrected for body weight; data not shown) (Table 2). Indices of fibrosis in both glomeruli (glomerulosclerosis) and the tubulointerstitium were significantly higher in all exposed groups if compared with the controls
Renal gene expression
Glomerular expression of the extracellular matrix protein fibronectin was increased in the combination group (Fig. 2A) . Collagen type I was significantly up-regulated in all exposed groups in the tubulointerstitium (Fig. 2D ), but only rats exposed to passive smoking had increased tubulointerstitial production of TGF-␤1 mRNA (Fig. 2E) . Glomerular nephrin expression remained similar, indicating no podocyte loss or dedifferentiation (Fig. 2C) . Expression of the antioxidative enzyme superoxide dismutase 2 (SOD2) was increased in all exposed groups in the tubulointerstitum (Fig. 2F) 
Fig. 1 Indices of renal damage: glomerulosclerosis (A), tubulointerstitial fibrosis (B) and thickness of renal vasculature (C). Representative pictures of renal cortical tubulointerstitium stained with Sirius red of control rats (D) or rats exposed to amosite (E), passive smoking (F) or combination of both (G
Morphology of the heart
The wall thickness of intramyocardial arteries was significantly higher in all three exposed groups if compared with the controls (Fig. 3A) . (Fig. 3C-H) . (Fig. 3B ).
Significant cardiac fibrosis, observed as marked accumulation of connective tissue in both the interstitial and perivascular spaces, was observed in all three exposed groups
Morphology of the aorta
Aortic wall thickness (also if corrected for body weight) did not differ between the groups (data not shown). Exposure to amosite dust or cigarette smoke resulted in marked damage of the aortic vascular structure, assessed as altered media structure with increased fibrous tissue content. The combination of both significantly aggravated the injury
Systemic markers of oxidative stress and inflammation
Plasma advanced oxidation protein products (AOPPs), marker of oxidative protein damage via the myeloperoxidase reaction [18] , were higher in all exposed rats compared with controls ( 
AU). All groups had comparable levels of two markers of inflammation -TNF-␣ and IL-6 (data not shown).
Discussion
Cigarette smoking is a widely recognized independent risk factor for ischaemic and atherosclerotic heart and cerebrovascular disease [2, 3] . Even passive exposure to tobacco smoke is prospectively related to the risk profiles [6, 25, 26] [28, 30, 31] . In their brief report, Culhaci et al. showed that only approx. 10% of rats exposed to passive smoking showed signs of glomerulosclerosis, whereas no hyalinosis or reduced number of renal vessels were observed [32] . This study was performed in a different animal strain, on 3-week-old rats of both sexes. The rats were exposed to commercial cigarette smoke for 4 months and the concentration [6, 25, 26] . Elevated sympathetic activity and blood pressure with an increase of glomerular filtration rate (GFR) and intraglomerular capillary pressure are candidate mechanisms of smoking-induced renal damage [4, 5] . Although our data did not reach significance, in the rats exposed to tobacco smoke blood pressure normalized to body weight was 10% higher, and GFR increased by 20%. We found no difference in proteinuria between smoke-exposed and control rats. Although the study period of 6 months corresponded to approx. 25% of a rat's lifespan, the exposure started in early adolescence, and differences between human and rodent species may account for this lack in functional abnormality as compared to human beings. The still mild degree of fibrosis is reassuring. Alternatively, we may not exclude that a relative proteinuria in proportion to protein intake was masked by lower protein-caloric intake in our animals exposed to tobacco [33, 34] . In search of a potential mediator of the observed renal and cardiac organ fibrosis, we detected increased levels of a marker of oxidative protein damage derived from the myeloperoxidase reaction in activated monocytes/macrophages, namely AOPPs [18] . AOPPs were found to directly accelerate renal fibrosis in a model of subtotal nephrectomy [35] and to promote inflammation in the diabetic kidney [36] [38] [39] [40] [41] . Increased renal expression of SOD2, the antioxidative defense enzyme, supports the idea of enhanced systemic oxidative stress. Increase in SOD2 mRNA as a possible compensatory mechanism to oxidative stress is however only an indirect marker. 8-oxo-2Ј-deoxyguanosine is a marker of DNA damage that has been shown to be strongly increased in the heart, liver [41] . In our study, we found no difference in 8-oxo-2Ј-deoxyguanosine between the groups, similarly to another report [33] , probably due to a relatively mild exposure protocol. Although not analysed in our study, another mechanism linking smoke exposure to cardiac and renal fibrosis might be protein carbamylation as shown for atherosclerosis [42] .
Fig. 2 Glomerular mRNA expression of fibronectin (A), SOD (B) and nephrin (C) and cortical tubulointerstitial mRNA expression of collagen type I (D), TGF-␤1 (E) and SOD (F). mRNA was measured by RT-PCR, normalized to housekeeping gene peptidylprolyl isomerase
Fig. 3 Indices of cardiovascular damage: heart vessel wall thickness (A), aortic damage score (B) and heart interstitial (C) and perivascular (D) fibrosis scores. Representative pictures of the heart stained with Sirius red of control rats (E) or rats exposed to amosite (F), passive smoking (G) or combination thereof (H
Our [44] . The fibres have been found in all organs of exposed individuals but accumulated mostly in organs with high microvascular filtration, such as the kidneys [44] . Thus a direct profibrotic effect of asbestos fibres in the kidneys or even the heart cannot be excluded. It should be noted that the process of translocation seems to be slow (many years), at least in human beings [44] .
Despite the fact that a higher mortality in white males employed at an asbestos textile plant (among others due to heart disease) was reported already in 1994 [45, 46] 
